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Abstract The effects of forest fires on polar bear
(Ursus maritimus) maternity denning habitat in west-
ern Hudson Bay were determined by comparing the
physical characteristics of 48 burned and 101 unburned
maternity den sites from September 2001 to October
2003. Fire significantly altered vegetation composition
and increased the depth of the active layer, resulting in
a decrease in the stability of den sites, the collapse of
dens, and degradation of the surrounding habitat.
Although bears investigated burned areas, analysis of
mark and recapture data, satellite telemetry, radio-
telemetry, and field observations all demonstrated that
bears did not use burned areas for denning. While peat
denning habitat is likely not limiting at this time, the
re-use and occupancy of peat den sites during the sum-
mer may be an important means of energy conserva-
tion for pregnant female bears in western Hudson Bay.
Increased energy expenditures in association with
increased search times for suitable den sites and the
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excavation of new dens can potentially affect reproduc-
tive success. Predicted increases in forest fire activity as
a result of climate change, along with the long-term
recovery of denning habitat may reduce the amount of
suitable denning habitat in the future. Resource man-
agers need to be aware of the possibility of a shift in the
distribution of denning bears and further loss of mater-
nity denning habitat in western Hudson Bay.

Introduction

Throughout most of their circumpolar range, pregnant
female polar bears (Ursus maritmus) move on to land
in late autumn to occupy maternity dens constructed in
consolidated snowdrifts (Harington 1968; Uspenski
and Ksitchinski 1972; Larsen 1985). At the southern
portion of their range in western Hudson Bay, bears
give birth to their young in late November and early
December (Derocher et al. 1992) before the sufficient
accumulation of snow for the construction of maternity
dens (Scott and Stirling 2002). In this region, bears give
birth to their young in dens dug into frozen peat banks
which are later expanded into overlying snowdrifts
sometime during the late winter (Jonkel et al. 1972;
Ramsay and Stirling 1990; Clark et al. 1997). Unlike
snow dens, earth dens in the permafrost remain as per-
sistent landscape features and may be re-used by bears
over several decades (Scott and Stirling 2002).
Although detailed observations of bears excavating
den sites have not been made, measurements and
observations from within earthen dens indicate only
limited excavation of permafrost at active den sites by
female polar bears. It is believed that a significant ener-
getic investment is likely required to excavate a den in
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permafrost, promoting the re-use of existing dens in
western Hudson Bay. Although den sites may be re-
used, female bears in this region do not show fidelity to
individual dens, but rather to general geographic areas
(Ramsay and Stirling 1990). Protection of these areas
becomes critical, as the maternal denning period is
essential to the early development and survival of polar
bear young (Blix and Lentfer 1979). Research indicates
that disturbance of bears in maternal dens as a result of
either natural or anthropogenic causes may lead to den
relocation or abandonment of dens and reduced sur-
vival of young (Ramsay and Stirling 1986; Amstrup
and Gardner 1994; Durner et al. 2003; Lunn et al.
2004).

For many mammals the availability of suitable den
sites is an important factor affecting population recruit-
ment (e.g., Russell 1983; Koopman et al. 1998; Norris
et al. 2002; Ferndndez and Palomares 2000). The west-
ern Hudson Bay polar bear population contains
approximately 950 individuals (Regehr etal. 2005,
unpublished data) and an estimated 90% of the preg-
nant female bears in this population den in the area
south of Churchill, Manitoba (Scott and Stirling 2002)
accounting for the majority of recruitment in western
Hudson Bay. The availability of suitable denning habi-
tat is of particular importance to pregnant bears in this
region, which have one of the longest fasting periods
known for any mammal (Ramsay and Stirling 1988).
Pregnant bears fast for up to 8 months while on land,
using stored fat reserves to meet basic energetic
demands as well as the increased energetic demands of
gestation and lactation (Watts and Hansen 1987; Polis-
chuk et al. 2001). In this region, pregnant bears begin
to occupy dens in frozen peat banks 2-3 months in
advance of parturition (Lunn et al. 2004, unpublished
data), most likely as a means to escape warm ambient
temperatures and conserve energy. Any significant loss
of suitable den sites and/or denning habitat in this area
could affect subsequent recruitment and the long-term
viability of the western Hudson Bay polar bear popula-
tion. The threat of habitat loss as a result of forest fires
is a particular concern in the denning area. Between
1998 and 2003, several large fires burned through the
western Hudson Bay denning area, disturbing exten-
sive areas of denning habitat (Richardson 2004). Cur-
rent research suggests that lightning strikes, the
primary ignition source of fires in the Churchill area,
will increase along with the frequency and extent of
fires as a result of climatic warming (Flannigan and
Van Wagner 1991; Price and Rind 1994; Flannigan
et al. 1998, 2000). In addition, trends towards warmer
spring air temperatures in the region (Skinner et al.
1998) could further extend the fire season. Collectively,

@ Springer

these factors have the potential to significantly reduce
the availability of suitable denning habitat in western
Hudson Bay. Unlike anthropogenic disturbances (e.g.,
seismic activity around bear dens), which may be pre-
vented or reduced through spatial and temporal modi-
fication of human activities (Amstrup and Gardner
1994), natural disturbances represent a greater chal-
lenge for resource managers as their dynamic nature
precludes preventative measures in most situations.
Understanding the short-term and long-term
impacts of forest fires on polar bear maternity denning
habitat will be important to the conservation of the
western Hudson Bay polar bear population. The objec-
tives of the study were to examine (1) the impacts of
forest fires on maternity denning habitat (2) to deter-
mine if female bears den in burned areas and (3) to
examine the threat of habitat loss as a result of fire.

Methods
Study area

Our study area encompassed 2,200 km? in northeastern
Manitoba near Churchill between 57°00" and 58°50'N
latitude and 92°25" and 94°15'W longitude. Contained
within this area is one of the most highly concentrated
polar bear maternity denning areas in the world, much
of which is protected by Wapusk National Park. The
area consists of an extensive peatland located in the
broad transition zone between the boreal forest and
the arctic tundra (Ritchie 1960; Brook 2001). Much of
the region is underlain by continuous permafrost,
resulting in poor drainage and extensive bogs and fens
(Brook 2001). Inland areas are characterized by open
lichen tundra, with numerous lakes and small tundra
ponds. Forest cover, primarily black spruce (Picea
mariana), white spruce (P. glauca) and larch (Larix lar-
icina) is most common in riparian areas along the edge
of lakes, rivers and streams. Coastal areas are flat and
dominated by sedge meadows (Carex spp.), salt
marshes and interspersed relict beach ridges.

Locating burned dens

Surveys were conducted in known burned areas to
locate dens that were impacted by fire. Den sites were
located and sampled opportunistically between mid-
August and early October 2001-2002 while flying in a
Bell 206B helicopter during surveys for polar bears, as
part of a long-term population study. Den sites located
before this study that were known to be in areas that
had been burned were also visited. Burned dens were
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measured for the same physical and site level charac-
teristics as undisturbed dens in order to investigate the
impacts of fire.

The slope along the face of the bank at each den site
was measured using an inclinometer. Vegetation com-
position was assessed visually as the percent cover of
each plant species in a 10 x 10 m? plot centered over
top of the den site. Plant species were further grouped
(tree, shrub, herb, lichens, and moss), un-vegetated
areas were classified as bare ground and any burned
vegetation was classified as burned. Although vegeta-
tion changes with time since disturbance, we did not
attempt to further separate burned and unburned sites
into different age classes. Physical characteristics
recorded included depth to permafrost and substrate
stability. Depth to permafrost (i.e., the active layer)
was measured at three locations for each den (1) inside
the den along the back wall (2) behind the den along
the top of the bank and (3) along either side of the den
along the bank using a steel permafrost probe. To
obtain an index of substrate stability as it might be
experienced by a bear seeking a den we used an impro-
vised “clawometer” (see Holcroft and Herrero 1984).
We measured the maximum pull (in kilograms)
required to break the substrate surface using a short
handled four tined garden rake attached to a 120 kg
scale pulled parallel to the substrate surface. The tines
on the rake were pushed straight down into the ground
so that the handle was flat on the substrate surface. The
scale was then attached to the end of the handle and
pulled parallel to the ground until the rake broke free
at which time the maximum pull in kilograms was mea-
sured. The physical state of each den was classified as
stable (roof in tact; no slumping of den structure),
slumping (slumping of roof or other portions of the den
structure) or collapsed (collapse of the roof or collapse
of other portions of the den structure).

Denning in burned areas

To determine the effects of forest fires on denning activ-
ity in specific portions of the denning area, a compari-
son between pre- and post-fire use of a large burn in the
central portion of the denning area was made. The burn
(hereafter referred to as the Lee Lake burn) occurred
in July 1999 and burned 187 km? of habitat resulting in
the largest known loss of polar bear denning habitat as
a result of fire as of the 2003 fire season. This area was
selected for more detailed analysis as it has been sur-
veyed annually over the past 20 years as part of a long-
term population monitoring program, providing pre-
disturbance data. A comparison site of equal size and
configuration was selected at Fletcher Lake, an area

that has received similar amounts of survey effort over
the same time period, but had not been impacted by
fire. A global positioning system (GPS) was used to
track flight routes to quantify survey effort in terms of
total kilometers flown in disturbed and undisturbed
habitats. To determine if bears make use of these areas
for denning, the number of independent adult female
bears (i.e., bears >5 years of age without accompanying
young) captured from 1984 to 2003 during the fall sam-
pling period were compared between the pre- and post-
fire periods in the Lee Lake burn and the Fletcher Lake
comparison site. Free ranging female bears were immo-
bilized using standard capture protocols outlined by
Stirling et al. (1989). While conducting surveys, addi-
tional observations of bears observed but not handled
in burned areas were also recorded.

Use of burned versus adjacent unburned areas was
further examined using bear movement data from
Argos satellite collars (collected from 1991 to 1998). A
total of 19 females were outfitted with radio collars,
which were used to evaluate movements inside and
outside known burned areas. In the summer and fall
collars transmitted for a 6-h period every second day
while female bears selected and entered maternity
dens. Lunn et al. (2004) provide detailed information
on collar deployment and filtering algorithms used for
satellite locations. Satellite locations were imported
into ArcView GIS software (Version 3.2, Environmen-
tal Systems Research Institute, Redlands, CA, USA)
and movement data were superimposed over known
burned areas. Burned areas were determined to be
used if individual satellite locations occurred within the
boundary of a burn. As a final means to address the use
of burned areas by adult female bears, we examined
habitat associations of 462 radio telemetry locations
collected from VHF collars deployed on adult female
bears from 1980 to 2004, to determine if any females
irrespective of reproductive status were previously
radio-located in burned areas.

Fire and lightning data

Burned areas (i.e., burn polygons) were identified using
hotspot data provided by the Northern Forestry Centre
in conjunction with the Canadian Wildland Fire Infor-
mation System (CWFIS) (Lee 1995) and the Fire M3
program (Englefield et al. 2004). In addition, fire bound-
ary maps (1970-1997) outlining the extent of burned
areas were obtained from Manitoba Department of
Conservation. Data were collected on all positive and
negative cloud-to-ground lightning strikes detected in
the study area from April to September for 1998-2003,
to obtain an index of the frequency of the primary igni-
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tion source of fires in the study area. Lightning data
were collected by the Meteorological Service of Canada
using IMPACT ES and LPAT sensors operating in
northern Manitoba. Burrows etal. (2002) provide
detailed information on the operation of the Canadian
Lightning Detection Network. The frequency of light-
ning strikes was summarized on a yearly basis.

Habitat loss

The extent of habitat loss as a result of forest fires was
determined using a denning habitat model (see Rich-
ardson et al. 2005) developed using resource selection
functions (Manly etal. 1993) and forest fire data.
Burned area polygons were overlain on the denning
habitat map and the total number of pixels of suitable
denning habitat within each polygon was calculated.
Suitable denning habitat was considered to be any hab-
itat that had a relative probability greater than 0.25 on
a standardized scale from O to 1, where 1 is greatest rel-
ative probability of occurrence and 0 is the least. We
chose a value of 0.25 so our estimate would most likely
represent the maximum amount of habitat lost to fire.
Habitat loss was assessed as the total loss of suitable
denning habitat, as defined above, within a burned area
measured in square kilometres.

Statistics

Habitat characteristics were tested for normality using
Shapiro—Wilks tests. Features of burned and unburned
den sites were compared using Mann—Whitney U tests
as habitat characteristics were highly skewed and could
not be normalized using standard transformation tech-
niques. A G test was used to test for differences
between the physical state of burned and un-burned
dens. All tests were considered significant at a P-value
of 0.05. Inferential statistics could not be used to ana-
lyze survey data from the study burn and control area

due to issues with temporal autocorrelation of the sur-
vey data (see Hurlbert 1984). Therefore, summary sta-
tistics were used to describe observed differences in
denning activity. All statistical analyses were con-
ducted using SPSS (version 8.0, 1998).

Results
Den site characteristics

Several site level habitat characteristics at burned dens
differed significantly from un-burned dens including
vegetation cover, active layer depth, substrate stability,
and the physical state of dens. Burned den sites had
significantly less tree, herb and lichen cover than
unburned den sites (Table 1). There were no significant
differences in the percent cover of shrubs, moss or bare
ground between burned and unburned sites (Table 1).
Vegetation cover at burned den sites was limited and
consisted primarily of herb, shrub cover and burned
vegetation. Permafrost characteristics also varied sig-
nificantly between sites. The active layer at un-burned
dens was greatest at the side of the dens, less at the top
of the banks, and was the least inside dens (Table 1).
Similarly, the active layer at burned dens was greatest
along the side of dens, slightly less along the top and
least inside the den (Table 1). Burned den sites showed
significantly deeper active layers than un-burned dens
at the top, side and inside of the dens (Table 1). Mean
substrate stability on top of un-burned dens was signifi-
cantly greater than that of burned den sites. Similarly,
substrate stability along the side of dens was signifi-
cantly less for burned dens than un-burned dens. How-
ever, there was no significant difference in substrate
stability inside burned and unburned dens (Table 1).
The physical state (stable, slumping or collapsed) of
burned (n = 48) and un-burned (n = 101) dens was sig-
nificantly different (G-test x> = 42.78, df = 2, P < 0.001).

Table 1 Permafrost stability,

. . Den characteristics
active layer thickness, sub-

strate stability and ground

cover at burned and unburned
polar bear (Ursus maritimus)
den sites in the Churchill re-
gion of Manitoba

Note: Values are means +
standard deviation (median)
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Active layer top (cm)
Active layer side (cm)
Active layer inside (cm)
Stability top (pull kg)
Stability side (pull kg)
Stability inside (pull kg)
Tree (%)

Shrub (%)

Herb (%)

Moss (%)

Lichen (%)

Ground (%)

Burned (%)

Burned den (n = 48) Un-burned den (n = 101) P
54.1 + 8.8 (54) 352 4+9.1(31) <0.001
78.3 £13.1 (76.5) 49.3 £15.3 (38.5) <0.001
41.8 + 11.2 (38) 233+ 6.3 (21) <0.001
33.0 + 7.8 (30) 48.1 + 11.3 (46) <0.001
27.8£93(25) 443 £ 11.5 (41) <0.001
12.2 £ 42 (10) 12.9 £ 5.2 (10) 0.876
1.8 4£5.0(0) 29.2 + 16.0 (30) <0.001
18.1 £ 124 (11) 17.9 £ 11.3 (13) 0.358
11.6 £8.5 (11) 16.7 £11.5 (13) 0.003
40457 (1) 744103 (1) 0.187
8.6 +13.5(2) 27.5 £16.4 (30) <0.001
8.8 + 9.8 (10) 7.0 +7.3 (10) 0.770
51.9 4+ 31.2 (65) 0.0 % 0.0 (0) <0.001
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Den sites that had been burned were much more sus-
ceptible to collapse with 66% of all burned dens col-
lapsing compared to only 23% of un-burned dens.
Burned and un-burned dens had equal amounts of
slumping (32%). Comparatively, 46% of unburned
dens were stable (7 =46) while only 2% (n=1) or 1
burned den was stable (see Figs. 1,2).

Denning in burned areas

Observations after the Lee Lake burn in 1999 indicated
that bears initially returned to the area and excavated a

Fig. 1 Typical polar bear maternity den site along the edge of a
lake in Wapusk National Park. (A.) Excavated peat from den (B.)
vegetated bank habitat along the edge of a lake and (C.) krumm-
holz spruce characteristic of most den sites

Fig. 2 Burned maternity den site in Wapsuk National Park show-
ing the removal of vegetation and subsequent collapse of the den
as a result of fire. (A.) Old den chamber (B.) collapsed roof and
(C.) slumping of bank habitat

number of shallow dens primarily in the first year after
the fire, as of 2004 no bears have been observed den-
ning in the area since the fire. Mark and recapture
records indicate an average of 1.4 + 0.5 (SE), 2.4 + 0.8,
and 1.8 = 0.9 independent female bears were handled
within the bounds of the Lee Lake burn each year dur-
ing the periods from 1984-1988, 1989-1993 to 1994-
1998, respectively, before the fire occurred. In the
5 years since the Lee Lake burn (1999-2003), no bears
have been handled and only one bear was sighted in
the burn. Mark and recapture data from the control
area during the periods of 1984-1988, 1989-1993 and
1994-1998 indicate an average of 7.2 + 1.6, 9.2 £ 1.4,
and 10.0 & 1.2 bears were handled each year respec-
tively. In the 5 years since the Lee Lake burn (1999-
2003) an average of 5.2 & 3.4 bears have been handled
in the Fletcher Lake comparison site. Comparatively
over the same time period there has been almost com-
plete absence of activity in the Lee Lake burn. GPS
mapping of flight routes indicated a total of 1,053 km
were flown in the Lee Lake burn from 2001 to 2003 and
was comparable with 1,010 km of habitat surveyed in
the Fletcher Lake site during the same time period.
During surveys of burned areas only two bears were
observed in burned denning habitat, neither of which
had successfully excavated a den.

Seven hundred and ninety-six onshore locations
were obtained from the 19 female bears fitted with sat-
ellite collars. Only two bears transmitted locations
from inside identified burned areas. The 2 bears were
located 11 and 8 times, respectively in burned areas. In
the fall of 1997, one of the females which was known to
be pregnant spent 53 days in a burn, but subsequently
left the burn to den in an unburned area. This particu-
lar female bear was re-sighted with two cubs of the
year in the fall of 1998, indicating that she had success-
fully denned the previous year. The second female
bear spent an estimated 15 days in burned areas from
20 August to 8 November in 1997 but made no attempt
to den in 1997 and returned to the sea ice the same fall.
As a final means to investigate the use of burned areas
we examined habitat associations of 462 VHF locations
collected over the last 24 years. Observations of the
habitat type systematically recorded for all radio-collar
locations indicated no female bears had been radio-
located in burned areas during this period.

Fire and climate data
From 1998 to 2003, 36,330 lightning strikes were
detected in the study area. The average number of

strikes per year was 6,055 4+ 2,648 (SD) and ranged
from 2,896 to 9,734 (see Table 2). During the fire
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Table 2 Frequency of lightning strikes, forest-tundra fires, total
area burned and potential loss of polar bear maternity denning
habitat in the Churchill region of Manitoba from 1998 to 2003

Year Number Number Area Potential
of lightning of burns burned habitat
strikes (km?) loss (km?)

1998 2,896 3 25.70 2.03

1999 5,176 18 683.73 46.08

2000 4,253 6 31.43 0.42

2001 5,521 0 0.00 0.00

2002 8,750 0 0.00 0.00

2003 9,734 6 204.03 18.63

Total 36,330 33 944.89 67.16

season the majority of lightning strikes were restricted
to isolated events that lasted from 1 to 2 days (e.g., on
July 23rd and 24th of 2003 1,986 and 2,306 strikes were
recorded, respectively; representing 44% of all light-
ning strikes in 2003).

Detected forest-tundra fires varied in both fre-
quency and extent between years. Fires were recorded
in 1998, 1999, 2000 and 2003 (Table 2). No fires were
observed in 2001 or 2002. The total areas burned in
1998, 1999, 2000 and 2003 was 28, 683, 31, and 204 km?,
respectively. It is important to note, that although
smaller fires (<1 km? in area) were not detected in this
study, it is acknowledged that large fires account for
the majority (~97%) of the total area burned in Can-
ada (Stocks et al. 2003) and therefore we feel that the
fires detected in this study likely represent the majority
of the area burned in the study area from 1998 to 2003.

Habitat loss

Using the classification scheme for suitable denning
habitat outlined in the methods and the denning habi-
tat model from Richardson et al. (2005) an estimated
1,210 km? of suitable denning habitat existed in the
study area in 1996. Within the 944 km? that burned in
the study area over the last 6 years, 67 km? (approxi-
mately 5.5%) of the suitable polar bear denning habi-
tat was impacted. The greatest habitat loss occurred in
1999 where 46 km? of denning habitat burned. In 1998,
2000 and 2003 denning habitat of 2, 0.5, and 18 km? of
habitat was burned.

Discussion
Forest fires significantly impact polar bear maternity
den sites and denning habitat by altering essential

microhabitat requirements (i.e., vegetation cover, sub-
strate stability and permafrost), resulting in the col-
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lapse of existing dens and the avoidance of burned
areas by denning bears. Removal of vegetation, in par-
ticular tree cover, is the primary factor that led to the
observed decreased stability of burned den sites. In
addition to providing substrate stability, trees also
facilitate the accumulation of snow over den sites in the
winter (Scott and Stirling 2002). Pearson (1975) and
Nagy et al. (1983) suggested that grizzly bears (U. arc-
tos) construct dens directly underneath vegetation due
to the increased accumulation of snow in the winter,
which may help insulate den sites. Microenvironments
25-35 cm beneath the snow surface can be up to 22°C
warmer than the surface air temperature (Pruitt 1957).
Thus, the loss of this insulating layer may affect the
warmth of the denning environment and also the avail-
ability of suitable snow drifts for bears to tunnel out
into in the spring.

Degradation of permafrost as a result of fire has
been well documented (Zoltai and Petapiece 1974;
Thie 1974; Mackay 1995; Swanson 1996; Burn 1998).
We found that fire significantly increased the active
layer in burned areas through the removal of vegeta-
tion, which affects permafrost formation (Zoltai and
Petapiece 1974; Mackay 1995). Melting of permafrost
led to the slumping of banks, and decreased stability of
denning habitat and den sites. At many burned den
sites, large blocks of peat have broken free from the
banks and slumped down slope (Fig. 2), as a result of
the cumulative effects of the vegetation removal and
the melting of permafrost. In addition to providing den
site stability, the presence of permafrost also provides
a cool microenvironment for pregnant female bears,
allowing them to conserve energy and avoid warm
ambient temperatures and insects in the summer (Jon-
kel etal. 1972). Permafrost degradation in burned
areas, in association with black substrates, which
absorb significantly more solar radiation (Wein and
Bliss 1973), will presumably result in warmer microcli-
mates, which may be unfavorable for bears. As a con-
sequence of continued climatic warming, Gough and
Leung (2002) suggested there is likely to be significant
permafrost degradation in the Hudson Bay region over
the next 50 years. Continued degradation of perma-
frost and slumping of banks is likely to further reduce
the amount of suitable denning habitat in western
Hudson Bay.

A benefit of permafrost degradation may be an
increase in the ease with which den sites are excavated.
Hammer (1999) noted that grizzly bears appear to have
difficulty digging in frozen ground, even with their long
claws, which are an adaptation to digging (Derocher
and Stirling 1990). Presumably, polar bears experience
similar difficulties in excavating frozen ground/peat at
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den sites. Observations from within recently active den
sites indicate that polar bears do not extensively exca-
vate permafrost, resulting in partially excavated dens.
We suggest that in most areas where permafrost is
close to the surface, the construction of dens may occur
over several years as the permafrost subsides and bears
are able to dig further into the bank. The significant
amount of time and energy likely required to establish
a suitable den site may explain the long-term re-use of
dens over several decades documented by Scott and
Stirling (2002).

Use of burned areas by bears

The effects of natural (e.g., forest fires) and accidental
anthropogenic disturbances (e.g., oil spills) cannot be
studied using well-replicated randomized study designs
because they are unplanned and for ethical reasons
cannot normally be replicated. As a result statistical
analysis of the impacts of these disturbances suffer
from problems of confounding and temporal autocor-
relation (Eberhardt and Thomas 1991; Weins and
Parker 1995). Despite these difficulties it is important
that resource managers attempt to quantify the impacts
of these types of disturbances. We were fortunate to
have both pre- and post-disturbance data to examine
the use of a burn by female bears that occurred over a
substantial amount of high quality maternity denning
habitat in our study area. We observed that some preg-
nant female bears returned to the burned area after the
fire and investigated potential den sites. However,
there was no evidence that any of these bears denned
in the burned areas. Even though the number of active
dens in different parts of the study area can vary
between years, the decline in denning activity (i.e.,
number of bears observed) in the burned area in the
Syears following the Lee Lake fire indicates that
burned areas are not suitable for denning. Further-
more, because bears are more easily spotted in burned
areas, the number of bears observed and captured in
the area of the Lee Lake burn before the fire is likely a
conservative estimate of the actual number of bears
that may have previously used this area.

Previous shifts in the distribution of denning female
polar bears and the location of their dens have been
attributed to changes in the availability of snowdrifts
and ice conditions which limit access to terrestrial den-
ning areas (Harington 1968; Lgng 1970; Schweinsburg
et al. 1984). Similarly, changes in the distribution of
suitable denning habitat as a consequence of fire will
likely result in shifts in the location of den sites and
female bears in the denning area. Female bears in
western Hudson Bay show fidelity to certain portions

of the denning area (Ramsay and Stirling 1990; Scott
and Stirling 2002). However, our study indicates that
while female bears may return to burned areas, likely
because of previously denning there, they do not
appear to continue to show fidelity to these areas. Pre-
sumably, investigation of burned areas along with sub-
sequent relocation and establishment of a maternity
den elsewhere will require increased energy expendi-
ture by individual female bears. In western Hudson
Bay, decreased reproductive success in adult female
polar bears was linked with decreases in the body mass
(Derocher and Stirling 1995), thus any significant
increase in energy expenditure prior to den occupation
could affect reproductive success. Female bears in
western Hudson Bay begin to occupy dens as early as
August (Lunn et al. 2004) up to 3 months prior to giv-
ing birth in late November and early December (Der-
ocher etal. 1992). This extended period of den
occupancy is an important means of escaping warm
ambient temperatures and conserving energy further
highlighting the importance of these reproductive sites.

Climate change and forest fires

Understanding the dynamics of forest fires is important
in trying to assess the potential for habitat loss in our
study area. Because lightning starts almost all of the
fires in our study area, we examined the frequency of
lightning strikes to get an estimate of the number of
ignition sources throughout the study area each sum-
mer. Lightning activity is predicted to increase as a
result of climate change and with the greatest increases
happening in the northern hemispheres in the summer
(Price and Rind 1994), when the majority of fires occur
in our study area. Along with this are predictions of
warming summer temperatures in our study area
(Suffling and Scott 2002), which may result in more
favorable conditions for fires (see Flannigan et al.
2005) such as those in 1999 in our study area. In addi-
tion, Skinner et al. (1998) suggest a warming trend in
spring temperatures, which could result in a longer fire
season. Taken together these data suggest a serious
potential for increased fire activity and habitat loss.
Maternity denning habitat may be particularly sus-
ceptible to fire as resinous shrubs (i.e., krummholtz
spruce over top of dens) are more flammable than
other fuel sources (e.g., graminoids) (Auclair 1983)
and the peat substrate in which bears den is readily
burned. Although forest fires tend to vary widely in
both intensity and frequency (Heinselman 1973; Ber-
geron et al. 2004), burns in denning habitat appeared
to burn slowly and intensely as indicated by penetra-
tion of the peat layer and subsequent burning of the
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root mat of trees at den sites (Fig.2). The spruce
krummbholz found over top of most dens largely spread
by leaders and do not produce large amounts of viable
seeds (Black and Bliss 1980; Payette and Gagnon 1985)
which may inhibit the re-establishment of spruce after
fire (Arsenault and Payette 1992). Arsenault and Pay-
ette (1992) noted that a reduction in the accumulation
of snow in these areas, ultimately as a result of fire,
lead to the succession of lichen tundra vegetation,
which may further limit the establishment of black
spruce (Morneau and Payete 1989). Scott and Stirling
(2002) reported that krummholz spruce above den sites
may be in excess of 230 years old, indicating that even
if spruce reestablish after fire, the regeneration times
may be extensive. Although the amount of suitable
denning habitat in the study area does not appear to be
limited at present, increased fire frequency and slow
succession rates back to suitable denning habitat or
changes in successional trajectories could affect the
future distribution and availability of denning habitat
for bears in the region.

When considering the impacts of habitat loss it is
important to assess how much denning habitat would
be required to support the 150-200 bears, which are
estimated to den in this area annually (see Derocher
and Stirling 1995). Dens were found in much higher
densities in localized areas of Svalbard (Bogen Valley
12.5 dens/km?) (Larsen 1985) and on Herald 1. (Main
Valley 12.1 dens/km? (Osyanikov 1998). Several loca-
tions in the study area support large numbers of dens,
so it is likely that a relatively limited amount of den-
ning habitat would still be adequate to support this
population. An important caveat to this is that as the
number of dens and amount of denning habitat
decreases, the energetic expenditures of adult female
bears will likely increase.

The long-term impacts of climatic warming and for-
est fire activity on maternity denning habitat remain
unknown. However, because of increased rates of den
collapse in burned areas, decreased stability of denning
habitat, and long recovery times, any increase in the
frequency or extent of forest fires will likely result in a
reduction in the number of dens and amount of suit-
able denning habitat. Mangers must consider the long
term impacts of a significant increase in the persistence
of this natural disturbance and evaluate where fire sup-
pression would be appropriate to preserve polar bear
maternity denning habitat in western Hudson Bay.
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